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iaenf.?: -jot sriTis Jsnl mi m^ld^n sldeuio ^ghu *-3 ^>srl steels ?aelnis}n tifianr.v.-:* 5 
©3<High-strength-martensitic;sta!nlesststeel and: method for making the^same. 

© A high strength' martensitic stainless steel contains: 

0.06 wt.% or less C, 12 to 16 wt.% Cr, 1 wt.% or less Si, 2 wt.% or lessjvln, ; 0.5 to .8 ; wt.% Ni^O.,1 Jo. 2.5 v 

wt.% Mo, 0.3 to 4 wt.% Cu, 0.05 wt.% or less N, and the balance being Fe and inevitable impurities; ~ 
... said.steel having an f area ; ratio, oWerrite.phase of at.most 10 %;.and^. , v . , t . 

v ,said stee^having fine-copper.precipitates dispersed, in.a. matrix. s ,. rv ... 4 . , ^ _ 

. And further a method fon,making, the stainless steel comprises austenitizing,. cooling, and tempering.., „ ... 

:.r-t - ; n'i546fn 10*. coil'ivn s "'^pj'lQypg '» > >'< v; qwv , .^c-jq 



IS 



> 0 

t» 



rile 



Cl J 



> . 1 



i SvSlttvOV: no^f^"" 1 : '^.'S'": '~f'A 

■"GO : *. - f ? .• ■ " ■ ••• . 



0 " *o -asc 

A A A 



*e> 0 



lit '•Ml S '"l f &"*mtj <j3Tn" 

1 CmiTfCJj 



J 0 



1 .-. 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.4) 



BNSDOCID: <EP._ 054991 5A1.I > 



BEST AVAILABLE COPY 



EP0 649 915 A1 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 
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The present invention relates to a high-strength martensitic stainless steel having excellent anti-stress 
corrosion cracking property 'arid »J metW^^ to a high-strength :> 

martensitic stainless steel showing excellent anti-stress corrosion cracking property in an environment 
containing CO2 and H 2 S.in such a. case of drilling and transporting crude oil and natural gas, and a method., 
for making the same. ^ ~- 



DESCRIPTION OF THE RELATED ARTS 



1 "V 



0 'MS* 



Crude oil and natural gas recently extracted often contain large amounts of CO2 and H2S. To cope with_ 
this, martensitic stainless steels such as 130r c stainless steel are adopted in^eacfof 'conventional f 'carbon*' 



steel. 



Ordinary martensitic'" stainless steSlsf however, have superior corrosion'* resistance 'to^t^^lhei^nsSier*' 1 
referred to simply as " corrosion resistance")-' but have insufficient stress-corrosion c cracking 'resistance' to 
H2S (hereinafter referred to simply^as" "lanti-stress corrosion cracking property"). Accordingly, a martensitic^ 



stainless! steel havihgVimproved'anti-stress corrosion cracking property while 3 - rnantaihing^favora^ 
toughness, and corrosion resistance has^longcbeen wanted. M 

Materials which satisfy the^regujremeiitsipfri strength, toughness, and corrosion resistance, and also of_ 
anti-stress corrosion crackpgvprppej^f^re^jsclosed in Examined Japanese^Patent-Publication 'Nd". f 61-3391, - 
Unexamined Japanese Patent Publication Jslo. ^58-1 99850 and 61-207550. TTi&se c mater^ 
tance to an environment corjtaining. j?^^ s s 4'9 ht quantity of H2S, but they generate stress-c&rrosibn 
cracking in an environment at over 0~01 atm. of H 2 S partial pressure. So those materials caK<hdf'6e-u^ed in 
an environment containing a large amount of H 2 S. 

On the other hand, some of martensitic stainless steels 1 which tyTave r ar? irripr5ve'd r anti^ess^cdrfosibn5 H 
cracking property in ah environment exceeding 0.01 atm. of H 2 S partial pressure are introduced* Examples 
of that type of martensitic stain less 1 ' stSel'are disclosed in Unexamined Japanese Patent Publication -Nos1?60- 
174859 and 62-54063?TT?iose ? nriat^ also unable to completely ^prevent* 'stress? corrosion 

cracking caused by H2S. .sttSwncinete*! .u^-U'easwe^ 

From the viewpoint of strength £a ; trial ? f op improving the strength on all the martensitic^ stainless vsteels 
described above resulted- in) a ! significant "degradation of theif toughness Tand"anti-stress-corrdsibn:cracking 

Accordingly, all those martensitic stainless steels have an unavoidable problem in that either toughness 
or anti-stress corrosion cracking: property is sacrificeti:rAs?a*result?ta^ 

be used as a deep OCTG (Oil Country Tubular Goods), for example, for which a high strength, anti-stress 

corrosion cracking property, anti-corrosion property, and toughness at the same time is requested. 

aniRinoo >oSlnisf3 otfiansnsffi .'U.nsute H^ri A ^3? 

3 ZPtr\ <g <i??w r ( '0 g^.tw of oi Sr .0 ;o 60.0 

bns "'A *z'4 -c ^ fw ? n .9 .-JO <;? :w or CO .o.Vl . 0 -v 
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SUMMARY OF THE INVENTION ^ ' 



It is an object of the present invention to provide' a } high-s^reh^h^martertsitic stainless - steel' which' is 
applicable even in an environment containing a large amount of H 2 S while maintaining corrosion- resistance 
by improving the conventional martensitic stainless steel in terms of strength, anti-stress corrosion cracking 
property, and toughness at the same time, and .[^fovides a method for making thereof. To achieve the 
object, the present invention provides a high strength stainless steel consisting essentially of: 

0.06 wt.% or less C, 12 to 16 wt.% Cr, 1 wt.% or less Si, 2 wt.% or less Mn, 0.5 to 8 wt.% Ni, 0.1 to 
2.5 wt.% Mo, 0.3 to 4 wt.% Cu, 0.05 wt°/LorJess N, and the balaricelbeing Fe and inevitable impurities; 

said steel having an area ratio of 5-ferrite phase of at most 1 0«%f and 

said steel having fine copper precipitates dispersed in a" matrix. 

And the present invention provides another high strength stainless steel consisting essentially of: 
0.06 wt.% or less C. 12 to 16 wt.% Cr, 1 wt.% or less Si, 2 wt.% or less Mn, 0.5 to 8 wt.% Ni, 0.1 to 
2.5 wt.% Mo, 0.3 to 4 wt.% Cu, 0,05 wt.% or less N/ at least one element selected from the group 
consisting of 0.01 to 0.1 wt.% V and 0.01 to; 0.1 wt.% Nb and' the balance being Fe and inevitable 
impurities; 



said steel having an area ratio of 6-ferrite phase of 10 % or less; and 
said steel having fine copper precipitates dispersed in a matrix. 
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J ' ' '* r Moreover, the^preserif invention pfovides'a method -for making- a high ^strength stain less steel' compris- 
° ihg'the 1 steps of:^ 3t^ov\h>3i-i] "mJf"; • vi ■■iv«'* • .t>ir>?-« *o 'm.'O^s *)rJ emtyifiosF 3 .oafimit 

■)M.cf*s preparing' a WaWrisitic stainless steel <steer consisting 1 *eSsetitially"bf»bi06/wtt%f or. less e£1fcto'16:Wt% 
Cr, 1 wt.% or less Si, 2 wt.% or less Mn, 0.5 to 8 wt.% Ni, 0.1 to 2.5 wt.% Mo, 0:3 'td"4 wt.% r Cu,- 0.05 wt% 

.5 VJ, of" less NicaRtfihe *-fiJ m min* 1 ros ^h vjr^O * 

23e^i<i-^ausfVniti2ihg 3r said to 
" ! li produce a-aus^ *s - Mi - w.bio»jboiini yd yneqoiq gritono noermoa 

wit 'o c6'olihg r tRe^auste'niti^ed Warte'hsitiG^stanless 'steel?^ w..tntei« 'o <htern srit oini asbfrsn stsJM^^q 
^tempering tthe^cooled^tainless- steel to* dispersed he^Cu^ a-ftiafrix at> f a''terhpe?ing 

70 temperature ( T°C ) of 500 °C to lower one of either 630 *C or Aci'l'fraTTsf of matidrP poirira^hd f at"a ; »tempe J ringj^ 

^tirrieF^ t^rTdur ■■)? said fern peTing temperafure' ahcl said "tern peri rigcti me satisfying th~e> following^ equation! 

bjveinos ;cn e-sw eciifcitetosisrb rioirUv /r^qo'io. ->oHrjs k n noteo-noo sssifc-itns Jn^tleoxa box* ritgueiia 

*' it 15200 r £*(20 ^ ,J ISg"*1)(273^+^T) S>17800!^ r ' 1 8 c^nebferoo ^iihw ;>lo^te 'SBftlnisfc :Jfi2ft9h&fP ^riortrevnoo 

. weds bes**. na.b .Vstnoc O 'o^e^oni 
75 And the present inventibh^pYovides -another ^method r steel r 

comprising the steps of: 

preparing a martensitic stainless steel steel consisting essentially of 0.06 wt.% or : less r C, 12-to 16 wt.% 
Cr, 1 wt.% or less Si, 2 wt.% or less Mn, 0.5 to 8 wt.% Ni, 0.1 to 2.5 wt.% Mo, 
^feCTiQ£;i$f^ less, N,< at f least ohVelemerit* selected from the^grbup' consisting - of 0.01 

20 ^ r tb ; '0.1°wf,% Vana 0:Oi"TO"0^*B& Nb^and the balance being li@''AhWneKfitebliEP tmf&iltespfind W^>^bdahoeo^ 
being Fe, and inevitable impurities; ^piwoGTsnb saont *o noitsbsicsb er<i geonsdne yitnso 

austenitizing said martensitic stainless steel at a temperature^of Aci -trah^oYnialibh^pdirit 1 t0 3 8§O a C to 
produce a austenitized martensitic steel; 

cooling the austenitized martensitic stainless steel; o? f H O '£} 

25 tempering the cooled stainless steel to disperse fine Cu precipitate grains in a matrix at a tempering^ 
3VI temperature C^of "500 l °C tb-lbwe^6ne j of -either 630 " C or Aci2tfansformatidn£ point and'ara tempering 

3rr time f (-t htTiiF<)irSBict tS^|^iing^ml^^^rei^d said tempering time satis^ing-the'follbwihg^equ 

if iOi7f?bfi-}Qeb 3 oi abse! .^itf ni no'inw ^-Jo £.»•»■.->* 'o ^sewi ns -jeoub^i *\°$f evcds Isn't bns 

15200 S (20 + log t)(273 + T)^17800^ 33r»sp cn-votfs ~&ri3o ertj ngnV neve ssonriQuoi bns 'lioness 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE shows the relation of the 0.2% yield stress, the Charpy impact energy, and the temper 
or. j parameter^ 9 * gnotis s *8 jl?S ;r'enf. ; i -*;<"<.;.<- ':e :?k 31 ,iesib«xc*9b s -:s enoi^nui iioiiiw- ( nooili3 
3 5 3^&dq spinel- 7 , to no-tsnnfe* -sdf .*^onsrin«5 "-?0 r rw *o -puome ns ni IS 1o ^onsee-.a sdi bns jnomels ^r. 
DESCRIPTION OF THE PREFERRED EMBODIMENT^ '» beitioscia 35 Jnotnoo IS erlt . Aimuc^oO 

The present invention provides a high-strength martensitic stainless steel which inapplicable^ eveh'in an 
environment containing a large amount of H2S while maintaining corrosion resistance by improving the 
46^ conventional 3 marte^^ firi { -tbrms^ 6f strehgth'/^anti-stress corrosion 'cracking 'property, and^ 

'"^^tbughn'^sf^at^'the" sam^timef 'a'ncl prbvibes a method -for 'the manufacturing thereof? The^target performance 
is specified as follows 'con'sidenhgF tHe" ^requirements- with "regard •tb^thV-drilling' ahdr 
for crude oil and natural oil which contain CO2 and H 2 S. 

Strength: . The 0.2% yield stress is 75 kg/mm 2 or more. * C 0.S oi 5 0 

45 Toughness: Absorbed energy on a charpy full size ^ 
! ^spea^ is^10 kg-m)W morel ^ evijoette eliup ai 'etoW 

9fit /n^m^ie 9vi3f?ecoce ai 114 iooVle sv&i -n ->mh ^°?..0 woled insinoo h iev^woH ^^arlq 

Anti-stress corrosion cracking property: 3 -^r. beitioea^ 3 j tnetf^o V. v<i >o fwiii' :oaqu 

50 When a specimen is loaded at a 60% loading of the 0.2% yield stress in a mixture of 5% NaCl solution 
and 0.5% acetic acid aqueous solution saturated with H2S gas of 1 atm, the specimen is durable for 720 
* sr hburs^f longer wjthout 4 faiiure"P n steieei noi&ntoo Qnivoiqmi ?ot in^meie evuo^He yh6luc : nsa s ?i oM 
^hiIo increasing 'the 'Cr is^an^ effective -means^ to improvl^^thi^^corrbslon^ resistance- r of a'tnartehsitic^stairiless 
steel. However, the increase in the Cr content induces ; f the -geheVatibn^df 5 i fdmte"'phase>whichFih i turn, 
55 degrades the strength and toughness. Increasing the content of Ni which is an element of austenite phased 
generation acts as a countermeasure to that tendency by suppressing the formation of 5-ferrite phase. This 
method has, however, a limitation from the point of the cost of Ni. Also an increase in the C content is 
effective for suppressing the generation of 5-ferrite phase but it induces the generation of carbide during. 
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- tempering which results -in. a degradation of the corrosion resistance. Consequently v the C: content should be 
limited. Regarding the amount of 5-ferrite phase, when the area ratio thereof exceeds 10%, the presence of 

^.5rfe.mte.i phase has a . negative;, effect, on -the strength and toughness, So v the,arnount of.Merrite phase should 
be limited to-tf0%tor. less. > c . *• - % . " • - u h - 0 .v»vi -\,zM -<j • - » '! o -.391 io ^ a f .O 
5 Generally, an increase in the strength of ■ a steeb .degrades, rtfcie, toughness ijind anti : stfess -jcqr/osion-. 

: cracking property.; ..However^the. strength can be improved- without! degrading, the. toughness a^d anti-stress 
corrosion cracking property by introducing C in an adequate;eamo_untfan^^ 

precipitate particles into the matrix of stainless steel/through i.heat.^ of fine 

> n .Cu j particles requires the - precise; uControl ^of the tempering ^conditions? J^o.^ and 
?o?r(tha,temp.ermg.time : needjQ;b.e:Controlled v. *. ..r-v- .0 -?no owni :,j :*) 'CO? l o • 0 T s •r.u&i^yns,' * 
The^present, invention provides. 9:*- novel martensitic L stainless^steel_, - haying; rhighj, toughness , and- high 
strength and excellent anti-stress corrosion cracking property, which characteristics were not achieved in 
conventional martensitic stainless steels, while considering a restriction of the-micrgstructure induced by the 
increased C content as discussed above. 
fSsrte Theifpl lowing are Jhe^reasons-ifoc.the limitations of the present, invention/ -.-.vm n^.m: v< - r£ 

i.-' 0)0: 0;06% preiessr, . c w 30.0 ; o vHsiV*.. -s . - "'ruo >•-'•'< "-t, . 'im vt^i." ,^ 

rO.O ^QarbpnrbjndSj.with^Cr in .the^teinpering stage to .precipitate as- a carbide, which then; degrades:cprrosion 
20eo'resistance, ranti-stressjcorrosionf .cracW property r>and toughness 1 . Carbon ^content above .0.06% ;signifi- « 
cantiy enhances the degradation of those characteristics. c^.iMLOjn' -sirfe?iv-ni bns -..-^i 

^ 0 • aTbecefore,;jthe3.feco.nt^ntyis specified .as :0.0.6% or less.^s • >;ni&^ :\t\r-^r:^ tasz ;ni:.::iP8;aui5 

(2) Cr: 12 to 16% --rr? ^r- ^12 r T^r ^rsm ".^-.i^n&iiuE =rsit oniioo;' 

25;n"ftcrnel. a 's MiTB;r s ^nisu] *rtfv i qioe'» ' -jO .r 'vxiHz z\ 'a^ta "ia^niais : shoo int gniwmsi v.: 
;r»'v 30 Chromjumiis a ,basjc : ejemem>tO} structure a martensitic.stainlessvsteel, andean important element- (tOsgive 
corrosion^resistanceji HQweyer v a,;Cr content below 12% rjjc^Srnqt.provjd^ resistance, 
and that above 16% induces an increase of Merrite phase which, in turn, leads to a degradation in the 
strength and toughness even when the other alloying elements areiBdjusted: . ?s$m* ool * OS) > GOSo r 

30 Accordingly, the content of Cr is specified to be within a range of from 12 to 16%. , yc 

vWWAaa z^T -e Kommojaaa i3iaa 

(3) Si: 1.0% or less' " ----- - 

Silicon, which functions as a de-oxidizer, is an essential element. But Si is a strong ferritergeoerating 
35 element, and the presence of Si in an amount of more than 1 .0% enhances the formation of 5-ferrite phase. - z 
Consequently, the Si content is specified as 1.0% or •lessi'qo^fyra aBHRm3ft^ 3HT "^O HO 'T^:H03')G 

iR(4)iMn:)2.0J3fcor;Je.ss ftoir-w . ? >fc 8ee(n>£^ ".ji?V'-T.5m H ;pf6U2-r'giri £ ssbivoia noitn^vni jrr/'in c-riT 
-irl: gnivo^nmi yc ■jooeteisw r»0 ! 'O w -^nli-ie. «!."• - -*-.H ; c oqu',! o ^ntniptnoc inomnf'-vni? 

40rns / Manganese; js. effective's a,,de-pxidizer and a desulfurizing ;agent^cAlsonManganese-,is .effectiye^as an Jt . 
:.rj(austenitejgenerating element by -suppressing the formation pf.Stferrite phases However excessive,- addition 
:,^of iMnjihas^a. saturating, e.ffect,, and ; therefore the Mn. content ..is^specified r ^asr:2..0%^ or Jess. '* ^ ^{\i^iOi r. 

. : H \Q') n:6tnoo doi.'v/ •in £ nsi:--r 0 x« 

(5) Ni: 0.5 to 8.0% • - - \ z"$-<l?. i:lf»iv ^0.0 &nr mpnfj^^ 

Nickel is quite effective for improving corrosion resistance^ and fqr ti enhancing ithe^ formation .pfr.austenite 
phase. However, a Ni content below 0.5% does not have the effect. Since Ni is an expensive element, the 
upper limit of the Ni content is specified as 8.0%. n^ycr-- orv.i-r •■- r o;r 'r< ? 

50io>(6);Ato:.>.0y1 to 2.5%j t m<ifr s n\ aa-^is hi -«v - ' ? "; - ;n t . tM;-:-*,ii i fl 03 3 :f bobfiol ";i nerruorqa s n^1W 0 * 

Mo is a particularly effective element for improving corrosion resistance,;- ^However:* a Mg.cpntent k pf less 
5> than 0.1i%:.doesnot have the> effect.- A - Mo. content above 2;5%^ioduces anexcess amount of ^-ferrite phase, 
r and sovthe, upper limit of :the Moi content is specified;as 2.5%. jr* - $rt< ies^w>- :e^a 

'i»riT .sasrln er^e 1 'o noit^oiff 3r*t , . 7"^./;^;^^ B.;(ATi'ri»' « / s T;i^Wrv: 

•« »n«i/r , c:*i v ^r*t n vv-.i .^?'A V; » ' « r j vU h."- .•:■*> = p ^'."^v/or 1 i cc^r;.' - 

4. 
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- r t(7) Cu:>0.3to4.0% . ,r « wnicbeoi V ^ ^.vr/.s -*r-rt "rvnv V!j <s \vjf;oi ^iisi in1 Sra 

v M ^'t Copper is animportant elements this invention? .in-oiwt -j.lf .v ■■■co> A ..--'lor^q ten *i ^rKvcitnsf 
.«:onar Copper-as .dissolved in' the-matrbeinia form of a-solid solution .torimpr6ve:the corrosionvresistance/and 
s^nfalsoha part of trie dissolvedsGu^is} precipitated! byvntemperingr it ?so 'thato it;. finely ndisperses'f'inuthe^rnatrix 
thereby improving the strength without degrading the anti-stress corrosion cracking property. However, a !Cu 
content below 0.3% does not have a sufficient effect, and a content of above 4.0% saturates the effect and 
"■; instead'causes the ^developYnent^bf bracks during hot workihglcAccbrdingly ( 'thercontentibf:Gu is specified to 
be within a range of from 0.3 to 4.0%. T»gT r 

10 ,}i 

;ne(8)1N: 0.05%1or less^ ens .tc.Ui«qc©iq iid :TSu.« ,1 .u*r-i ij.'ur.ei erw\ gr.iibUtnw -dit? vi^via>;:. .5 ;e nA 
jmit enhsomot gnol 'levis.saoxe nA fnst^noa K v$d 'V^jin ©quiaj yihcqriTet aril -i 'Gvs :ril to *ilon?r»*3 
.f'isio :Nitrogenris an* 1 effectiverelerhehtiforjiimproving'' the' corrosiontresi stance (arid' also f on-generating austehite 

phase. However, a N content above 0.05% enhances* the bindingcwithi enduring tempering ito^precipitate as 
75; "a (nitride 1 , whictrdegrades:the~ anti4stress? corrosion 'cracking-property andt toughness. Consequently, the N*' 

content is specified as 0:06%^ or less?qmor -^sa insjftnsrvo 2v?tt»h ^evswor r.rnsi sons': nnneo 

5 , t(9):Additional*'cbmponentsrV 1 Nb:(V: 0.01 to 0.10%, 1Mb: 0.01 «.to 0.10%) 5mr; gnnea/rei k r» s!;tffii^qm:«* 
21 aasifa oleiv o\°5.0 erit ,008S 'f brs 005.2 r mov *o sons^ 5 mltiw 3: ietems.i5q lennei srit to fiiJsv ^nt n*,dw 
20";^ ^Vanadium and' Nibbium: are>powerful r elements foreforming^carbide:£T r rrey>f6rm' , a fine T carbide 'precipitate r. 
to make crystal grairisLfinerandtimprove .the: antirstress^corrosi on ^cracking* property .v However, they are r :also 
the elements which form ferrite phase and increase the amount of 5-ferrite phase. 

Accordingly, the content of each of them is specified to a range of from 0.'01 J to:0.:10%'>A coritent r below 
0.010% does not have the effect of improving the anti-stress corrosion cracking property, and that, above 
25 0.10% has a saturating effect and increases the amount of 6-ferrite phase which, in turn, has a negative s- 
effect on the toughness. Therefore, both V and Nb are limited to a range bftfrom=0:01rto' 0v10% : each. : 

(DM oiuJfi-Jeqrne} gnhsqmej T 
v (lO)-'Area ratio:of"6-ferrite phase:bl0?/o;or1ess er sriJ rc oeitceqa si arrtit grrhaqms: srlt .yignib^oooA 

.eidfiiefe-jQ ewm =1 000t f ooger moit to eonsi <?riT 008~ r ai 0OS5r -no-it 
301 Ds The Srferrite tphase :i*si:'ai phases whichr.wasj not transformedi.tosmartehsite/duringtther'ciuencKtharde ofoc 
^martehsitic- steel arid* was^left.aseferritecphaser'Aniincreased^nnount-ofcSrfemteip^as 
s^rthentoughness. In thatjitype of steel, iMhe N area«rate^oUhe Srterrite phase A exceeds- 10%';i the degradation of 
:ofthe- toughness usicbnsiderably^ enhanced;^ Accordingly, the' upperKlimit'.ofcthe area^ratio of the S^ferrile phase 
is specified as 10%. ^vede bodi'osafc 5£ ;?nob ir'9ml6e\* ifssrl to 

35»0 tH f sT .iS iT V*/ .iA fftenoqmoo fenoifibb* -bcl noitnevni sidj to srfl to noiiieoqmoo sd) ;o« zA at 
or (1.1) Fi he" precipitate 'of "Ciio nso etnsrnsls (fsnot^br.^ ^--..iT :--->Stj i<\ ^srr, f ^ 'stern ii^eo iif^ ic 

*--»en1 to tnelnco etsupsbs bns s^oqtua erll ncifnevni eidr to ieet2 odt eon&m^oVieq srit v i tnemevciqmi 

When precipitated in fine grains, Cu increases the strength of-^steel by^the^ precipitation hardening 'effect 
if without: degrading the'anti-stress^corrosion- cracking ^property-' whichsuslially »occurs^along; with fthetiricrease 
40 of the strength. The term "fine precipitate" refers to grains which are identifiable by observation uncierJan^ 
5ri'electron-:rnicroscope£andt.which" , have an':appr6xirnate:size oftOrtO micr6hOor' lessinvVhen£the:Gu3 precipitate 
becomes coarse and exceeds 0.10 micron/ however,* the effect* of improving rthef 'strength 1 diminishes:; Also 
rn '-^when3 Cu ;does'mbt^precipitate^ and ^is ^left * dissolved -in the matrix^ noi improvement^ of the strerigthTby 
i'3?-precipitati on 'hardening can be 'expected. Therefore; the- Cu^ precipitate; is specifiednas a ifine precipitate. CThe 
45 dispersed amount is not specifically defined. Nevertheless, it is.ipreferable .thatcfineiprecipitatioh: exists <*at a<-> 
9m rate?pf^30 '6r moreBperulv squar>imicrorj-:of/.the« ma'tiixi<r»5 iuTrm*<l s 2 of bnid aJngrflste eesrlT ,sO 
Bjn^molo e^^rij to mnucms &vie-:3ox3 .ti^oo^c ^nwosi i 'v.^c'ci - 3^1.2-^ rv:. 3dt ^v:>qrT«i o?;le vsr.i -'sc.iS 
?: <(12)'Austenitizing te^perature:cfrom r Ac3?pointto.980'C9^i^-'^^s .10 JoaH^ a 3**ev^'i ? r«7 sv^i iev9vvo;< 

lv13R ot ^e) ^0 ^O.C vi M i 0 r ^ei ^ro.O'erf ol ^ei>iosqe 

so;ne ^nrAutemperature belowi AC3 point^results in ^an:insufficient r rausteniti2ing^andafails-!toVobtairi necessaryaa 
^efstrengthB bns ^ "■stnuomB ^ellBrnn ylQnibnoooA leats. to ytneqmq gni^osio notaonoo as^Ttg-iinfi ^dt 
•ins ^^Astempefature v 'abovet980 ^*C-induces the' .'occurrence" of ^coarse g?aihs, Significantly degradesv tough- 
=»r(}ness, ;T arid*also^decreasesi antirstress? corrosion cracking - property;. Therefore;;.fthe ^temperature-' rangesfor 
austenitizing is specified to be from Ac 3 to 980' Ct 4 (13):Tempering t temperature?' T^itC): betweeh-500°C 
55 and either the lower one of 630 0 C or Aci ce 
Tempering is effective for softening the martensite structure to secure toughness and also for finely 
precipitating Cu into the matrix to increase the strength. However, if the tempering temperature is less than 
500 • C, the softening of the martensite structure is insufficient and the fine precipitation of Cu is insufficient, 
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and this fails to produce a steel which has the expected level of performance. On the. other. hand, if, the 
tempering temperature is above Aci, a part of the martensite structure is austenized again and the 
tempering is not performed to degrade the toughness/ Alsor if?the tempering temperature is above.630 • C, 
r . the ^once? precipitated firie:?Gu:3 grains ■-. dissolve again,-; and ?1 the \i steel rfai Is * to exhibit? isufficientc strength. 
5 ri.Gonsequently,3the;temperingt temperature is specified' to, be:: within a? range: between 500 'G and eitbersthe : 
. 1owervone;bf .630>&G:pr*'Ac.i -sir. noiwioo 3?.'?v ?rs i-n] c-nib*? : osb ?u«;r*lM. r*ipno-*s srij qcwata vm /M-nsni 
ops ^^fy ?ni -etsuvia v c o.£ ' wxls ft: m^tur* b bo« ."vjite 'oeortfue s svsrMcn agnb *°£.0 voted ?ratnoo 
i (14);Temperirig^time^'t;(hour):vthe/;value I :l of;:(20=(+ log t)(273 +^oT) being f.within-:asrange of ^from:.1 5200 to 
17800 ot 0 »o egr.B-. 5 *-»r.J:^ *d 

An excessively short tempering time results in insufficient Cu precipitation and fails.toobtainl.a sufficient 
strength of the steel even if the tempering temperature is kept constant. An excessively long tempering time 
sJi induces;the coagulation! andigrowtrvcof .coarse grainsiof t >ohce-precipitated:tfine3Gu; grains; and „the;£u grains 
if, can.* not contributecto' the improvement. of. the strength: > ruir 3 ^ : ^0 0 w.tfs ?ns<nno ( /i » . vj.,^vr»K v.sna 
15V\ Therefore,: the tempering- time necessaryitdcrealizeran appropriates increase^in -strength' is limited to a- 
certain range. The range, however, differs dependent on each tempering temperature applied.?, 3; toefncn 

FIGURE shows the relation of a temper parameter which is a variable function of the tempering 
temperature and tempering time, a, 0.2% yield; stress, and a Charpy impact energy:, As-shown inhthe. figure, 
when the value of the temper parameter is within a range of from 15200 and 17800, the 0.2% yield stress is 
20 5t675;ikg/mm?uori:more and'. ! the^GrTarpyitimpact:ienergy.i'is lOikg^m jbrymore,^bothj values: of whicfrfsatisfy the^ 
^target level of thisDinvention.ilshe^temper parameter. is define&iby .the following equationo Ssjsv -i s:4sm 

3?.stio efireto V, ;p'icfrjs ^n* ssswni bo& -^srio sfrne! mo* Oitiw »1asfns!© sri* 
vrR, c =^-(20ic+.« lbg-.t)':(273x+-* , T)0 tjotI * ; ; -igr.s-! s of ^irvsq:* z\ Torft io 1:16;- :o inetnm srfj vlgnihcooA 
v-octe ' tedt ry*s vp^aosq pnufoF.io io»20iioo ^T^is-hta re: r-pr.o-qmi !o ias^e an! sveri fon a^o^ *^rQ.Q 
25 ?v where .-3 sart-.mii .,-*or*1w sssiiq atrr.ei-* x o !rv u-<h ~^seu>ns bnts ioet>e gfi:is*Mjje*. ss tjsrf ->*0f 0 as 
t :.toh8 tempering itimer (hour)) ecnco 5 f .\ \sw* x -v "rs 7 <nod siwaKsrH ;;2^oriQu<"ii :itj n.-> toette' 
T : tempering temperature ( * C ) 

Accordingly, the tempering time is specified by the tempering .parameter which* value> is in^a/range of 
from 15200 to 17800. The range of from 15500 to 17000 is more preferable. 
30*o ^ninNow.ithefmethod^for^making^theiinvention. steel . will be, given:hThe steel: dfcthis invention; is? prepared - in a\s 
ietonverteriforoan^. eleetricifurnace) sot^asrto^ have ^a\com position' rangerias) specified fin this; invention?rThej(Steei 
o is; subjected to; ingdtr castings process, or; continuous, casting ^process tocform an \jngot.i Theiingotc .undergoes 
™.hot working into a seamless pipe kori a isteeLsheet, . which is:then:proeessed by heat treatment? 'The. method 
of heat treatment is done as described above. y°0t bf^iorqe z\ 

35 As for the composition of the steel of this invention, the additional component Al, W, Ti, Zr, Ta, Hf, Car. 
or rare earth metal ( REM ) may be used. These additional elements can oftenrvContribute>tO'ithe further 
improvement of the performance of the steel of this invention. The purpose and adequate content of these 
to6indiyidual:elementsr'8u:e^described below.o rtigfi^te srf sssseioni uO anisiQ eni? ni be?st{qio^.*o nerivy 
es AlicAluminiumc isfaddedJn^orderjitOLjeffect oxygen rernoval.iandj the adequate content range is.from 0.01 to 
AQ^ti 0.1,0%. noilsvtcedo vd" oldBitilnobi oiiB rioidw ?.n\B^o of Bioioi "otGtioio^vi ^nif r\wt odT ..-tjnno^ta odf *o 
:jLW:;oTungstenriisneffectiye3iinoC02CCorfbs while, if nit dsc added in ^an J :excessLamounb it: -degrades- the 
^^.toughness;^Therefore^the ;m^imum^c6ntent is specified as^4%.ioim Or 0 ^beeoy^ bns ^3-eo3 ?.amooed 
; iTii + ?Zr^Ta, Hf: These ^elements; are effective for improving . the:cdrrosion-resistance,candt an. adequate^content 
u is maxq 0.2%.5The presence rpf these i elements at more'than r 0.2%* induces: coarse- grainsHwhichi degrades 
45^ ;thef anti-stress f corrosion: cracking! property: *■ .issKj^i^-qfc'i b ;nfteb vilsoftioena «on 21 inucmfi besisaaib -j- 
Ca, REM: These elements bind to S, a harmful impurity : Mnrsfeel;cand"Significantly> reduce damage^of ^ the 
steel: they also improve the anti-stress corrosion cracking property. Excessive amounts of these elements, 
however, have the reverse effect on the anti-stress corrosioni cracking property, ^so the adequate 1 content is 
specified to be 0.01% or less for Ca and to be 0.02% or less for REM. 
so /x^aelnevitableimpuritiesrinssteel: contain :R and ; Sr^both;.of which 'degrade the hot (working -performance and? 
the anti-stress corrosion cracking property of steel. Accordingly, smaller amounts of P and S . areifbetter. 
-^Nevertheless? Prcontent of 0.04% onless andoS: content: of 0;01,%MoDless;i:eachrsatisfy^the/leveh of anti- 
olstress^ corrosionrcrackinga property being: targeted^ by "this invention eand^ presentSD l no:/problem Jornthe 
0 manufacture of hot-rolled steeh sheetsror seamless steel pipes; oA ~.i ;t bsi:ir«^o* v y*rA\t\-wvjK 

55 • '"-A u 0 v tOi": k -y*i')\ grit rr-fTi ^ 

"srij ^3ei ii ^iHj.v^of»'.?T *}n»isqm^J :ri ''i ■•/t/oH '.iorj^'if! .nj fjec^tc'in /r^^m aril ;}n? uO ,;r!iiBjtc,io*3iq 
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EXAMPLE 
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The presenTinverTtiorn the "followng~ex^ test 

ingots of Example steels No's^i to ^S 1 ^ f Gim'ifis^^ t Gi^g\B steels Nos. a to j. Those ingots; were 

subjected to hot-rolling toform steej -sheets having-a thickness of- 1-2- mm; -j '^^f i 

Li"Jhe; steel! sheetScWere then processed by : heat treatment described belowito obtain the test specimens 

! L_J ! — ! 

-j . _ 
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v.v as* « soo.o j eoo.o io.o ! 



I 



75 I 



20 



35 



25 



30 , 



sa.Tabje .slJGlists the.iprir^cipair components ofxthe j steel, of : this), invention ;:ancl Table 2 shows (others 
components and; an Aci and AC3 transformation terriperatu re J These steels were austenitized at 980 *C 
followed; by^cSol'inglh^air and' tempering at 6&6>'clfoW r hoW.^th A e resulting stems'- were analyzed to 
deterjni^e the flresen^ ofj 5-ferrite phase^th^ mechan^ the^anti-btress cor[osion crocking 

property. The results are summarized in Table 3: The temper' parameter of the tempering in Example 1 was 

the r 5jferrite phase jwas^not jdetected in any specimens exceptor: the -steeli Nos 0 5, d and, 14 where* < 
a slightjamount of 5-ferrite phase Was observed. As .for the Cu precipitation, observation by an electron 
mieroscppeowith 'a magnitude . of 100,0Q(fcwas sonductedjmmediately afteMhe tempering to confirm that 
fine Cu grains haying the approximate size range of from 0.001 Jto 0.10 micron were uniformly dispersed on 
the^-whole^mitrix|areSAThe degree- of'Sispefsion^vvksi counted lasting! approximatefy030 to 100 fine Cu 
precipitate^grainsiper 1 square micron of the 'matrix surface. I j j t. 

rd For jaMft Wgp^cifnenl Wstedfrfe 0.2^°y?e^ SSSA ahd^e 0 cfiarft -fm^nSrgV at ? 0'c!were 
a ^ the^getileyej^rsj kg/mm* land^O kg-m ..respectively. jThe^tl^e^^orVosion poking property 
was tested and was found to conform to TMO 1-77 of the ftACE ( National Association oTCorfosion 
EM«nee'rsc):StandardoFvOllowin 9t( the Sta ndard, ;a specimen w ( a§ iirimerj>ed into admixture of 

5% NaCI solution and 0.5% acetic acid aqueous solution saturated With H 2 S igas of V atm, and the^ 
specimen waVsubjeete& to aSload of 60% K 4o|meC0.2%iyield^stressf.(fdr example*, steeliNcO 1 jin Table 3 was 
subjected to a bad of 76 x 0.6 = 45.6 r kg/mm 2 ). The time to failure on SSC ( Sulphide Stress Corrosion test 
was -determined. The results are r summarized irr'rabie! 3°°SSC houre" 0 . As can fee seen^n°Table r 3, no 1 steel 
among the.steel Nos r ^through1 6 failed before. 720^ j ^ n | „. j . [ 

In the evaluation of the corrosion resistance to ;C02, a- specimen | was immersed into a 10% NaGfee 
aqueous solution jn an. autoclave, at !200$*xC ( 30£atrro, H 2 Srpaijtia|! pressure of;0,05 ertm.tfprj336 hours. [Then, 
the mass loss was determined. Forj ail the steels' Nos. 1 to iej the mass loss was 0.5 g/m^ or less, which 
was- considerably; lowetfthan 3 .Of g/mm?f which was 4he minimum required level) for conventional? rhartensite 



stainless steels. (Consequently, the steels of this invention were confirmed to have excellent 

.resistances 00 , \ ^ f | a ^ C _ !.j ao f j eoo -° I 0 j 3f.3 I £20.0 j 3f 



corrosion 



J 



3f. 



J 



40 



45 



50 



55 



7" 



BNSDOCID:<EP 0649915A1J > 



V7.. ^tr-rvvyi- 



EP,0 649 915 A1 - 



Table 1 



4 r • J - * - «• 



.- .» 1 








Steel 


.« ! i 


5 


NO. 






1 

1 


0 025 






0.024 


j - 0' 






)1 be 














4 


0.025 . 


T5~: 'ftf 


•J 


V/ * V*/ *t- w' 












;0:022n 


ic ':•* 




mctir.u i 


O <~ 


s i! 07>i •> 


Q.022j s 


20 


- J j b - 


_,0.026 v 




^9 

•>Cw :• ■ • 


U.UZ/ 


'0 9"U 




5 0. r 024~ T 


26*. 't l - 








-3id:1i *V 


r 0.022* 


• • j} 




r0.024 - 






0.023 






< 0:017/^ 




/a', i -»«-, 






".tii"1 5 o^tv 


■1,0.013,; 


■' , 0'»?C 
35 


■,•••) \".;A'. 

' . J < 

16 


0.053 



t - ? , s rj v ^H ^(^Chemi^.tp/inciRal. elements, wt%). \ r-'.^j-v .jjq mf ; ;c -j 



* 1 



Si «oT 



0.16 

~*:0.15"N- 

0.15. 

/ 0.1 7^ r 

;-:/.v no"'-' 



-0.16 

5 0^15^3 

J aii.:3 ^ 0 
,0.15, 

0.15 

55^70 

ot 0.1/7aJ 



0.05 

3 S39flT 
,0.05 :; 

0.05 



0.16 



°'0.05 y 

s 0.07 h 

t? 0 r 0 0 



* 1 '1 w > 



9b p-rsO^ 



0.009 

• 0.008rc 

,0.p07 3 ! 

no ;n iso 
0.009 

* 'd:bb7 ;t 

•'0.007^ 

roo.o 'Tit 







0.06 t . r 

«J Veil U r 


30B1 

0.009, , 


oros 

■t HO Ai-- 1 


0:009^ 


^0.05^ 3 


0.008^ 






S 0.0533 


: 0.009 / 


BS no <: >u 


0;008 r 


o:o5 ji 


0:01 T u 

» »^ *^ v. ■ 




«teoi 6 






j-.QJ.7i 


u0-.009 


0.18 


0.009 



0.002 

0.002 

\s\ finiie 
"0.002 , 

•■srto&rr. •• 
0.002 

A 0.002 

* 0:002 • 

it io 3Qt: 
SfP,002 iS 

us xn'lEr 
4 0.002, 

1 0.002 ^ 

0"002 % 

>0.002 r 

v-T 
H 0.002, 



0:002 



0:002 



0.002 
0.002 



4.86 

r f 4:83:fr 

It SSSf'c 

4.85 u 

.iff i r M l : 

4'.77 ; ' 

9300 ^ 

la'4:96.:> 

, 4.88.. 
4.86 

^83- 
^t4.827 1 

-.jTl'-Oji Si 

4.85 1L 



>ir*4i1 9 t.i 
078 



14.7 

:14;8 
,14 8- 



If 



14.7 
'15.5 iA 
• 14.1-^ 

- 

15 1 

ila:r' 

- . J v »■ 

,c14.2s 

- ^.0 
,14.3 , 

14.2 



u 4 :©r 
rj15.8 

rr : ' /tin 
12.2 



V , 1^1 'lt"« 

51 Mo:'' 



2.07 

iu2.06i 

2.04 , 

«f as 5} 

hr2.0& 

■:><ij pnh 
T2.Q6 1S 

2.07 

iiic2i06 r2 
j -r2-.G2^ 
, 1.06 HT 

2.04 
iu.2.01 '• 
ur0.30.i 
2.42 







0 002 r 


;{ 96]3s4 


/i 0:002 3 


>:1.82 






, 0.002^ 


^2.63-1 


^0.002. 


3.95 


( 0.002 


2.63 






f0 002Ci 


o^2. 1 61 1 


sii r^c 


■jO 


, 0,002 e 


,r:2,62tr 


anisic & 
t .0.0p2j M 





0:002 J 
"0:0022 

.,0.002 



0.002, 
0.002" f 
"01004^ 
,0,0042 
0.003. 



2!65 b 

n^2:65?: 
r>^}2.63 H> 

ISO s»W 

:uq3Q36 



40 



45 



50 



55 



8" 



BNSDOCID: <EP 0(54991 5A1J_> 



t 



EP 0 649 915 Af 3 



Table 2 
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The steel No. 3 in Tables 1 and 2 was processed at various austenitization temperatures. The results 
are shown in a part of Table 4 (the austenitization temperature is designated as the quench hardening 
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temperature). In all cases, thesteel was austenitized fqllowed-by cooling in air,- and tempering at 600 *C for 
1 hour. The temper parameter 'at the .tempering in Example ! 2 was j 17460/. When , the austenitization 
temperature stayed with the range -specified JorlthisJhventipn.cthe- perf.ormance obtained was satisfactory. 
However, when the austenitization temperature ! was as low: as; 700 °C . the insufficient austenitization 
resulted in a poor performance^ jvrtji^ the austenitization 

temperature was as high as;1000 i°cj the level of toughness obta ned was low and the anti-stress corrosion 



cracking property was also poor^ j U j 
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Example 3 

The test condition was the varied tempering temperature while maintaining the austenitization tempera- 
ture at 950 *C. The result is shown in a part of Table 4. Also in this case, steel No. 3 was used, and the 
steel was austenitized followed by cooling in air, and tempering at 600 ■ C for 1 hour. 
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When the tempering temperature~stayed-within~a.ran obtained was 

ower thanjthe range of this invention, the 



oughnessjwas goor and !the anti-stress 



favorable. However, when the tempering temperature was '450*0. 
martensite structure stayed in a hard and brittle state, so the 
corrosion cracking property was'also poor. " : " -\ ^ ; * > ' j • 

Furthermore, no Cu precipitation| occurred. On the other {hand, w;hen the ternperi'ng temperature was : 
650*0, higher than the Aci point, r-fine- Cu-preciptate;.grains- were jnotipreseht because-they. had dissolved 
again, so the strength was decreased' 1 
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In Example 4, the effect of-the temper-parameter as -a~ variable!- of tempering* was- observed. Also in this 
case, steel No. 5 was austenitizeci followed btf cooling in air, and tempering at a temperature! range of from 



450 to 680 * 0. The results are shown jin-Tablej5£v I m j vn\ o j 

As seen in Table 5, even when the tempering temperature ] was! 500 *C , the Ctwpy impact energy was 
lower than the target level if the tempering time was as short as OhO hour (giving the temper parameter ofct 
14690). On the other hand, Twfien "the tempering' time ~was 0T5"*.h"ours or joi^^th^teThper parameter 
became 15200 or more, which gave sufficient strength and toughness pnd ajfavorable anti-stress corrosion 
crack property. j RJ £ j g; | g j g j £ j g j § | | j S | S) | S j 

In the case that the tempering temperature was 550 * G , the tempering was earriedrput within a temper 
parameter range of from 15200 to 17800, and the target level was attained, j ^ j ^ 

When the tempering temperature was ~6fJp*C, a steel processed junderj alempenng time of 1.0 hour 
gave a temper parameter range of from Jt 5200 to 17800, so the target level of performance' was attained. 
However, a steel treated at the tempering time of 5 hrs gave^a temper^parameter pf above' 17800, which 
suggests that the Cu precipitate had dissofved again or had coarse graipsjtp resjjltjngjh a degradation of 
25 the strength and to an insufficient ahti-stressporrosion cracking-property :£ cM 5' 5' £ ^ 
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Comparative Example 

55 

Among the Comparative Examples, those which used steels having a composition which is outside the 
specified range of this invention are listed in Tables 6 and 7 in terms of their composition and test results. 
The applied austenitization temperature and tempering treatment are the same as in Example 1. Since the 
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20 



steels in Table 6 had at least one component present in an amount outside of the specified range of this 
invention. thFtesf results gave'lovve? levels of strength or toughness; than^the target levels of this invention. 
As a result; %e \ target level of this ^invention for the anti-stress' corrosion cracking property could not be 
attained. Steels {a)"and (fr) contained Cu'at below 0.3%, and^nojCu precipitate was formed, which resulted 
in a strength of less than -75 kg/mm 2 . Steel '(c) contained Cu< at above 4.0%, and it suffered cracks during 
the hot-rolling stage which jeads.to a significant degradation j of the commercial' value of the product. Steel 
(c) also showed a 'poor SSC characteristic; £teej (d) c had a;jowj£Ji content; and steel (g) had high content of 
Cr and Mo,i and ;steel (i)'haci a^higtvcontent of Mo, 'so they gave delta-ferrite phase over 10% of area ratio, 
which significantiy_degraded the^toughness...Steelf (e) had NLcontent jaboye 9%> so that the steel was very 

! • I T [ I i j"" T " 



w expensive, i 



Therefore^ steej (e) ^was inadequate t for the* object of- this invention. Also steel (e) was inferior in SSC 
performance 'Steel-(f) ; had a low Gr content and "steel (h) had a low Mo content, so those steels were inferior 
in corrosion- resistance to G02"Steel (j):-had- a high;-G content so-that the SSC performance was poor. 
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55 1. A high strength martensitic stainless steel consisting essentially of: 
v, OH fefisi 0.06 r wt-.7o'6r^less^ Cn2rto '16 wt.%' Cr, t' wt;% or less/SH 2^wt.%- or lessen; 0.5 to 8rwt.%" Ni^O.1 
to 2.5 wt.% Mo, 0.3t to" 4/wt,% Cu;> 0.05: . wt.% or/lesscN.o arid th#' balance being :Fei and inevitable 
impurities; 



BNSDOCID: <EP 064991 5A1 . 1_ > 



1.3 '«}.'- J 



EP0 649 B15AT-:: 



2. 
3. 
4. 



5. 



6. 



said steel having an area., ratio.. of 6-ferrjte phase of at most 10 %; and 



precipitates dispersed in a matrix. 



( O ; • 



said steel having fine copper 

The martensitic stainless; steel of. claim 1, wherein the C content is from 0.013 to 0.053 wt.%. 

. i • i . j [ _ | 



The martensitic stainless^ 



£steel of: claims 1 or 2, wherein the Cricontent.is from 12:2 to 15.8 wt.%. 

J) — < — ' i , .... i . , , : v-~ . i - i 



The martensitic stainless steel of any one of claims ,1 to 3 wherein 



Wt.%. 



the Si content is from 0.14 to 0.47 



t 



The martensitic stainless; steel "of any one of the preceding claims wherein trie Mh content is from 0.05 

to 1 .05 wt.%. __J — _. : ! 3 ! I ! j 



1> 



The martensitic stain less-steel of any one of the precedinglclaims wherein .the Ni content is from 0.78 
to 7.21 wt.%. i o - j ; r ; | ■( . i 



7. The martensitic stainless^ steel r of any one of the, preceding claims wherein the Mo content is from 0.30 

^ o>.a..^ 0 / "-x I- Sol? - ! ; ; o j v* t? ! -< i 



to 2.42 wt.%. 



o 

0 ^ 



i 

i_i i 



8. The martensitic stainless, steel of any one of the preceding claims wherein said steel has an area ratio, 



I TV 



of 6-ferrite phase of^at most:3 %. 



SO 



on 

CD 



{ O } o 

■ry Ci <n 
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9. The martensitic stainless-steel- of any-one~of the preceding claim s-wherein said steel includes at least 
30 of copper precipitates^: having 0.1 micron or less inidiameter: per 1 square micron. 

' *5 C i** ! "v * > "' ^ i r ■ 1 r^t i j — 1 

-*» — ~ ~ *r, ■» . r- i iJ . fj 



10. The martensitic stainless' steel of any one of the preceding claims wherein said steel has 0.2 % yield 
stress of 75 kg/mm 2 or more~an9|crra?^y' import energy"of 1 0'1^-m' or more. 



ru 



- * I 



o 



o 



11. A high strength martensitic stainless steel consisting essentially of: 



0.06 wt.% on less /&- 12 to 16wt.% Cr.,1 wt.% or less Si,2 wt.% or less Mn; 0.5 to 8 wt.% Ni, O.h 
to 2.5 wt.%. Mo, : 0.3 to 4>wt.% Cu, 0.05 wt.% or less N, at least one element selected from the group 
consistino of 0.01 to 0.1Lwt.%jV and 0.01, to 0.1 wt.% Nb and-, the balance being Fe and inevitable 



%5 

impurities;!: ; • o — ^ s . 

j i s 

said^steel having an area ratio of 5-ferrite phase of-10 %~or less;^and 

in a matnx 



^e being F 

i 



said-steel having fine copper; precipitates dispersed i 

.7 ^ i x 1 ~ 11 o i ^ ! ■- 0"u f 



12. The martensitic stainless steel of 'claim 11, wherein-the C content is from 0.013 toiO.053 wt.% 

J _iJ , 1 l . j . ; 1 -j 1 f. ■ 



\ 
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o 



?' j o 
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13. The martensitic stainless steel 

14. The martensitic stainless steel of 
wt.%. 



"1 



of claim's 11 or 12 wherein the Cr content is from 12.2 to 15.8 wt.%. 

• — j a. j i 



« n 



c 



any one of claims 11 to 1.4 wherein the Si content is from 0.14 to 0.47 

\ v.. ^ «j f ~> j ! j 

b 



■^5 



1 



."1 



15. The martensitic stainless steel 'of any one of claims. 1-1- toJ 4 wherein" the Mn content is from 0.05 to 

1.05 wt.%. . » ; z> • < ; :z 1 i ^ > - i ^ * 



«3 
j. 

0 



16. The martensitic stainless steel of, any one of, claims 11 to 15 whereirfthe Ni content is from 0.78 to 7.21 

wt.%. . % i 1 ! i v : ! 2 ' i " i f 

53. i_ _ i [ '-y ° | . > i w -■ i ■ ■ .. 

17. The martensitic stainless steel of any one of claims 11 to 16 wherein the Mo content is from 0.30 to, 
2.42 wt.%. 



18. The martensitic stainless steel of any one of claims 11 to 17 wherein said steel has an area^ ratio ;of 6- 
ferrite phase of at most 3 %. 

;o vlte insect <v .. ,tf:< <k?a- : -<Mr,>Vn&n\ cl.'onerte ^c.n 4 A ,r 

;19. } The martensitic 'Stainless steel 1 of ahy^one of claims 11 to 18 wherein said steel includes* at least 30 of 
*. i vrcoppen precipitates: having 0.1 micron'or less in diameter perl square micron. :° . 4 w r r >m 
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20. The martensitic stainless'steel-of any one of claims- 1Uto^i9 r wherein said; steel has 0.2 %^yield stress 
of 75 kg/mm 2 or.more and charpy impact energy of 10 kg-m or more. 

21. A method for manufacturing a high strength martensitic stainless steel comprising the steps of: 

5 ^k.j v . :s preparing fa"rriartehsitie' stainless 1 steeUcorisistirig essentially- of 0.06 wt.%"or less'G? \2 to'*16 wC% 
Cr, 1 wt.% or less Si, 2 wt.% or less Mn; 0.5 to 8 , wt:*".Ni?'0.1.-'tOf 2.5 wt.%' Mo, uV3 T to ^wWCu, 0.05 
wt.% or less N, and the balance being Fe and inevitable impurities; 

austenitizing said martensitic stainless steel at a temperature of AC3 "transformation' point to I980 * C 
to produce a austenitized martensitic steel; 
10 r >• * 0.0 '^cdoling- the austenitized martensitic "stain less "steel; ^ r £ w.rj- - ... vrvs >>: boiWr «*r!T 2$ m 
tempering the cooled stainless steel to disperse fine Cu precipitate grains in" a* matrix at a 
tempering temperature (T D C) of between 500 *C to the lower one of either 630° C or Aci transforma- 
,f ^ v tion v point^ hour^said tempering, temperature and 'said-tempering .time 

satisfying the following equation; w ; r 

75 

" s ' '15200* (20 + log" t)(273*+ l T) r ^ 17800. 1 ' & ■ o --^c to or^t. r, ^ ?& 



22. The method of claim 21 , wherein said AC3 transformation point is from 700 to 850 • C. 

20 * 23. The method of claim 21, wherein said Aci transformation point is from 600 to 760 *C. ^ vv r : i 

•*f 24.^The method* of-*any"t>ne^ of 1 claims '21' to 23, " wherein said • tempering temperature f (P'C^arid said 
tempering time ( t hour ) satisfying the following equation; -° ^ T 

25>t 0€.0t5500 ^'(20^+" logrt)(273W^T) ^ti7000V* "i rK m^i ; 'c v ^ to Scrtor* -v;v v. 

25. The method of any one of claims 21 to 24 wherein the C content of the stainless steel is from 0.013 to 
r 0.053 wt.%M * f J ^ r "- *^fi ~* • '- r: ^ '"-r -^i i^gr^iie r»c-?r; :o « 3Jj >-*t .i"^ 

30 26. The method of any one of claims 21 to 25 wherein the Cr content of the stainless steel is from 12.2 to oe 
,15.8 wt.%. -sg IsuiiEii *o Ho %ni »r;-!-r -( ;n -rr -<i *:t '.jntoiocos e^u 'SriT 

27. The method of any one of claims 21 to 26 wherein the Si content of the stainless steel is from 0.14 to 
0.47 wt.%. 

35 « 

28. The method of any one of claims 21 to 27, wherein the Mn content of the stainless steel is from 0.05 to 
1 .05 wt.%. 

29. The method of any one of claims 21 to 28 wherein the Ni content of the stainless steel is from 0.78 to . 
40 7.21 wt.%. "* 



30. The method of any one of claims 21 to 29 wherein the Mo content of the stainless steel is from 0.30 to 
2.42 wt.%. 

45 31. A method for manufacturing a high strength martensitic stainless steel comprising the steps of: 5* 
preparing a martensitic stainless steel consisting essentially of 0.06 wt.% or less C, 12 to 16 wt.% 
Cr, 1 wt.% or less Si, 2 wt.% or less Mn, 0.5 to 8 wt.% Ni, 0.1 to 2.5 wt.% Mo, 0.3 to 4 wt.% Cu, 0.05 
wt.% or less N, at least one element selected from the group consisting of 0.01 to 0.1 wt.% V and 0.01 
to 0.1 wt.% Nb and the balance being Fe and inevitable impurities; 
so austenitizing said martensitic stainless steel at a temperature of AC3 transformation point to 980 # C v. 

to produce a austenitized martensitic steel; 

cooling the austenitized martensitic stainless steel; 

tempering the cooled stainless steel to disperse fine Cu precipitate grains in a matrix at a 
tempering temperature (T'C) of between 500 *C to the lower one of either 630 'C or Aci transforma- 
55 tion point and at a tempering time ( t hour ), said tempering temperature and said tempering time ^ 
satisfying the following equation; 



1 5200 £ (20 + log t)(273 + T) S 1 7800. 
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.. 32.- The .method of, claim '31-,-; wherein said Acs transformation point is from£700.to£50 0 iC.* 
33. The method of claim 31, wherein said Aci transformation point is from 600 to 760 *C. 



5 >°34: The? methods of any-* pnexof, claims 31 to ,33 whereinfjSaidiJempering.rtemperaturei.fT^C) and said 
,0 0 tempering time ( t-hour-); satisfying theifollowing equation; rf^o' o t ■' ;\v >. & o > , <* r 

> '9iJ' , .Mx;rr" '.'•-i : q ijni»xl "on^sd "v* '".•"•5 !ri -jaM 0 a' N 

\ » }3C 15500 .^ {20 ^ Hog t)(273. +- T) £17000..^ : .- ^nisla ^tiansne:" oik-; cnrlw -Ja.iR 

70 35. The method of any one of claims 31 to 34, wherein the C .content; of the; stainless csteelis; from 0.013 to 

i) 0:053 Wt.%. -. 1 j h ^BlitJf uJ ■=< -r ' ;a£lft;0i3 t^io-:"* ^Oj ■;-,^i\C? *i ■ 

->36. rThe method , of any onerof claims 31. to- 35, wherein the Cr content, of: ;the.s$ain less- steel isrfrom]12.2 to 

15.8 Wt.%. •.:nb';«V : T-l'-v :M *jm ■./»:• .■;»*.- 

T5 

37. The method of any one of claims 31 to 36 wherein the Sucontent of the stainless steel is from 0.14 to 
0.47 wt.%. 

38. The method of any one of claims 31 to 37 wherein the Mn content of the stainless steel is from 0.05 to 
20 1.05.wt.%. 3 : <^ot00o r\rv ii ,rv~- v.^Kr-.c -o.-r «A ^ ni«'-*Hw ^ "nfilo >o frvr-, a 1 3fH" 



39. The method of any one pf;claims 31 to 38 wherein; the Nr content of ,the stainless steeliis-from 0.78 to 



7.21 wt.%. 



25 40. The method of any one of claims 31 to 39 wherein the Mo content of->the stainless steel js"from 0.30 to 
2.42 wt.%. 

41. The use of high strength martensitic stainless steel according to any one of claims: vl tO320 in an 
environment containing CO2 and/or H 2 S. 



42. The use according to claim 41 in drilling or transporting crude oil or natural gas. 
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